Background: Laparoscopic colectomy for colon cancer has been compared with open colectomy in randomized controlled trials, but these studies may not be generalizable because of strict enrollment and exclusion criteria which may explicitly or inadvertently exclude older individuals due to associated comorbidities. Previous studies of older patients undergoing laparoscopic colectomy have generally focused on short-term outcomes. The goals of this cohort study were to identify predictors of laparoscopic colectomy in an older population in the United States and to compare short-term and long-term outcomes. Methods: Patients aged 65 years or older with incident colorectal cancer diagnosed 1996-2002 who underwent colectomy within 6 months of cancer diagnosis were identified from the linked Surveillance, Epidemiology, and End Results-Medicare database. Laparoscopic and open colectomy patients were compared with respect to length of stay, blood transfusion requirements, intensive care unit monitoring, complications, 30-day mortality, and longterm survival. We adjusted for potential selection bias in surgical approach with propensity score matching. Results: Laparoscopic colectomy cases were associated with left-sided tumors; areas with higher population density, income, and education level; areas in the western United States; and National Cancer Institute-designated cancer centers. Laparoscopic colectomy cases had shorter length of stay and less intensive care unit monitoring. Although laparoscopic colectomy patients (n = 424) had fewer complications (21.5% versus 26.3%), lower 30-day mortality (3.3% versus 5.8%), and longer median survival (6.6 versus 4.8 years) compared with open colectomy patients (n = 27,012), after propensity score matching these differences disappeared. Conclusions: In this older population, laparoscopic colectomy practice patterns were associated with factors which likely correlate with tertiary referral centers. Although short-term and long-term survival are comparable, laparoscopic colectomy offers shorter hospitalizations and less intensive care.
Background
Over the past decade, laparoscopic and laparoscopicallyassisted resection of colon cancer have emerged as promising alternatives to open colectomy. Benefits of laparoscopic colectomy (LC) over open colectomy (OC) include decreased operative blood loss, shorter hospitalization, and improved pain control [1] [2] [3] [4] . LC is selectively practiced with T4 lesions, obstruction, or perforation, and may be challenging due to adhesions or morbid obesity. New staging information or technical difficulties arising during laparoscopy may lead to conversion to open colectomy, with rates of 5%-21% [2, 5, 6] .
Randomized controlled trials (RCT) have shown no long-term survival difference between LC and OC [5, [7] [8] [9] or, in one single-center trial, better cancerrelated survival with LC [10] . However, these studies may not be generalizable because of strict inclusion or exclusion criteria which may explicitly or inadvertently exclude older individuals due to associated comorbidities. Individuals aged ≥ 65 years nevertheless have the highest incidence of colorectal cancer [11] . A recent study applying inclusion and exclusion criteria from two of these RCTs to a prospective colectomy database found that excluded patients were older [12] . Whilst older patients might benefit most from the less invasive approach offered by laparoscopic colectomy because of limited functional reserve [13] , some surgeons still have concerns that they may actually be disadvantaged by the longer operative times usually described with this approach.
Previous studies of older patients undergoing laparoscopic colectomy, often defined as patients aged ≥ 70 years, have generally focused on short-term outcomes [14, 15] . Our study aimed to identify factors associated with laparoscopic colectomy in older patients (aged ≥ 65 years) and to compare both short-term and long-term outcomes. We used the linked Surveillance, Epidemiology, and End Results (SEER)-Medicare database to permit comparisons of short-term outcomes such as length of stay, blood transfusions, intensive care monitoring, complication rates, and 30-day mortality, but also permit evaluation of long-term survival. A propensity score model incorporating patient factors including comorbidities and hospital characteristics was used to control for potential selection bias in assignment of surgical approach.
Methods

Patients and Data Sources
This study was approved by the National Cancer Institute (NCI), SEER, and University Hospitals Case Medical Center's Institutional Review Board. Informed consent was not obtained due to lack of patient identifiers. NCI's SEER tumor registry collects reliable patient-specific information from cancer registries [16] . Over the study period, SEER expanded to cover 25% of the U.S. population. Linking SEER to Medicare claims creates a joint database of Medicare beneficiaries (predominantly aged ≥ 65 years) who were diagnosed with cancer while living in SEER areas.
Patients aged ≥ 65 years with incident colon cancer diagnosed 1996-2002 presenting with localized, regional, or distant disease according to SEER who underwent colectomy as indicated by Medicare claims were included. Health Maintenance Organization enrollees and Medicare Part B non-participants from 12 months before to 3 months after diagnosis were excluded due to lack of claims data regarding outpatient and physician services [16] . Unstaged patients and those with carcinoma in situ, prior malignancy, familial adenomatous polyposis, or inflammatory bowel disease were excluded. Patients with transverse colon or rectal carcinoma were excluded as per prior RCTs [5, 8, 17] .
Measures
Patient and tumor characteristics
Demographic data (age, race, marital status, and gender), lymph node involvement, and stage at presentation were obtained from SEER. Comorbidities were assessed using a modified (malignancy and metastatic cancer excluded) version of the Deyo adaptation of the Charlson comorbidity index [18] based on International Classification of Diseases, 9th revision-clinical modification (ICD-9-CM) diagnosis codes from ≥ 1 inpatient (MedPAR) or ≥ 2 outpatient (Standard Analytical File) claims filed within a year to a month prior to cancer diagnosis [19] . Tumor site was dichotomized as leftsided (splenic flexure to sigmoid colon) or right-sided (cecum to hepatic flexure).
Colectomy
Colectomies occurring 1 month before to 6 months after cancer diagnosis were identified from MedPAR claims dated 1995-2003 using the following ICD-9-CM procedure codes: right hemicolectomy (45.73), left hemicolectomy (45.75), or sigmoidectomy (45.76). Colectomy claims including an ICD-9-CM procedure code for laparoscopy (54.21) with the same procedure date were considered laparoscopic [20] [21] [22] [23] [24] . Colectomy claims with ICD-9-CM diagnosis codes V64.4 or V64.41 (conversion of a laparoscopic procedure to open) were analyzed as laparoscopic colectomies similar to an intention-to-treat analysis. We could not distinguish laparoscopic from laparoscopic hand-assisted colectomies. Emergent cases, defined by admitting diagnoses of obstruction (560.89, 560.9), perforation (569.83), or peritonitis (567.0, 567.2x, 567.8x, 567.9), were included.
Hospital/Geographic Characteristics
Indirect medical education payment on a colectomy claim was considered evidence of performance at a teaching hospital [25, 26] . Urban hospital and NCI cancer center designation were obtained from NCI's Hospital Files (1996, 1998, (2000) (2001) (2002) (2003) 
Chemotherapy Use
MedPAR, National Claims History, and Standard Analytical File claims were evaluated for chemotherapy administration occurring from 1 month prior to 6 months after cancer diagnosis using the following: chemotherapyrelated ICD-9-CM procedure (99.25) and diagnosis codes (V58.1, V58.11, V67.2, V66.2); Healthcare Common Procedure Coding System codes for chemotherapy administration (Q0083-Q0085) and chemotherapeutic agents (J9000-J9999); and revenue center codes for chemotherapy (0331, 0332, 0335). As previously validated, chemotherapy use was imputed for claims consistent with chemotherapy administration or encounter where no drug was specified [27] .
Statistical Analysis and Definitions
Perioperative mortality was defined as death within 30 days of colectomy. Continuous covariates were compared using independent samples t-tests or Wilcoxon rank sum tests as appropriate. Categorical covariates were compared with chi-square tests. Unadjusted and adjusted logistic regression was performed to identify factors associated with laparoscopic colectomy. Data were analyzed with SAS (9.1 for Windows; SAS Institute Inc., Cary, NC).
Survival Analysis
Survival time was measured from colectomy to date of death. Survival times were administratively censored on December 31 st , 2004. The Kaplan-Meier method was used to estimate survivor functions. Survival curves were compared with the log-rank test. We developed univariate and multivariate Cox proportional hazards models as well as a multivariate Cox proportional hazards. Covariates were assessed for time dependence to evaluate potential proportional hazards assumption violations.
Propensity Score Analysis
Because of nonrandom treatment allocation, a propensity score (PS) model was used to reduce bias resulting from differences in observed covariates between LC and OC groups. A propensity score is the conditional probability that a patient will be assigned to a particular treatment [28] , in this case laparoscopic colectomy. To generate propensity scores, a non-parsimonious logistic regression model incorporating variables felt to be LC predictors and clinically plausible interaction terms was developed with laparoscopic colectomy as the dependent variable. LC patients were matched 1:1 to OC patients by propensity scores, resulting in 424 OC patients (designated the OCMatched, or OC-M subset) with the same pre-intervention probability of undergoing LC as the 424 LC patients. Continuous outcomes were compared in the PS-matched groups using paired t-tests or Wilcoxon signed rank test as appropriate.
Results
27
,436 patients who met inclusion and exclusion criteria for incident colon cancer undergoing colectomy were identified from the SEER-Medicare database. Of these, 27,012 (98.5%) underwent open colectomy. Only 424 cases (1.5%) were identified as LC, of which 13.7% (n = 58) were converted to open. Mean age at cancer diagnosis was 77.9 years (standard deviation [SD] 7.1), reflecting an older population. Patients were predominantly female (58.3%, n = 16,006) and white (86.3%, n = 23,673). Blacks comprised 7.4% of the cohort (n = 2,020), and individuals of other/ unknown ethnicity the remaining 6.4%. Only 21.5% (n = 5,889) of patients had a Charlson score ≥ 1. 41.6% of all cases presented with localized stage (n = 11,407), 44.0% with regional stage (n = 12,077), and 14.4% with distant stage (n = 3,952). 59.0% of colectomies occurred in cases diagnosed in 2000 or later, reflecting SEER's expansion in 2000. 50.1% of cases (n = 13,741) occurred in teaching hospitals.
Baseline characteristics of the cohort by surgical approach are shown (Table 1 ) with corresponding p-values. The groups were similar with respect to age, race, gender, marital status, comorbidities, and disability status. LC patients were less likely to have left-sided tumors (p = 0.001). The LC rate increased over the study period from 1.0% (30/2,908) of colectomies in 1996 to 1.8% (101/5,465) in 2002 (p = 0.001). LC cases were associated with areas with higher income, better education, higher population density, and SEER registries in the western U.S., especially California.
OC cases took place in 1,135 of 1,136 hospitals in the cohort, compared with 174 hospitals for LC cases. LC cases were more common than OC cases in teaching hospitals (53.3% versus 50.0%) and were associated with urban hospitals and NCI-designated cancer centers, but not teaching hospitals. Accordingly, among hospitals at which LC cases were performed, 92.5% (n = 161) were urban and 4.6% (n = 8) were NCI-designated cancer centers, compared with 73.1% (n = 830) and 2.3% (n = 26), respectively, for hospitals at which OC cases were performed.
Stage at Presentation, Nodal Status and Chemotherapy Receipt
LC patients presented with earlier stage than OC patients (p = 0.005). Localized disease patients comprised the largest proportion (46.9%) in the LC group, compared with regional disease patients (44.0%) in the OC group. Distant disease patients comprised 14.5% (n = 3,908) of the OC group, versus only 10.4% of LC patients (n = 44). The proportion of node-positive cases was similar between LC and OC groups (34.9% versus 38.8%, respectively; p = 0.24), as was receipt of chemotherapy within 6 months of diagnosis (27.6%, LC versus 28.0%, OC).
Factors associated with Laparoscopic Colectomy
On univariate analysis, factors associated with laparoscopic colectomy included California residence, residence in a large metropolitan area, National Cancer Institute cancer center designation, urban hospital setting, localized stage, and residence in areas with higher census tract density and census tract median income. In addition, as the difference between the year of cancer diagnosis and the year 1996 increased, the associated odds ratio increased, reflecting the increase in the rate of laparoscopic colectomy over time. Left-sided tumors, regional or distant stage, and areas with lower census tract education were less likely to be associated with laparoscopic colectomy. On multivariate analysis, factors that remained associated with laparoscopic colectomy in this elderly population included California residence, residence in a large metropolitan area, and year of cancer diagnosis relative to 1996, while left-sided tumors, regional or distant stage, and areas with lower census tract education were less likely to be associated with laparoscopic colectomy (Table 2) .
Short-Term Outcomes
Median length of stay in the LC group was 7 days (mean 8.3 days, SD 6.2). Median length of stay in the OC group was 8 days (mean 10.6 days, SD 7.6). The mean number of blood pints furnished did not differ between LC and OC groups (LC 0.13, OC 0.24). Among LC cases, 25.2% (n = 107) had intensive care unit (ICU) monitoring during the hospitalization, compared with 31.5% (n = 8,517) in the OC group (p = 0.006). OC patients had a higher complication rate than LC patients (26.3% versus 21.5%, p = 0.03).
Rates of ileus or gastrointestinal complications, the most common complications, did not differ between the LC and OC groups. The overall OC group had a significantly higher rate of postoperative hemorrhage or posthemorrhagic anemia than the LC group (9.9% versus 5.7%, p = 0.003). 30-day mortality was 3.3% (n = 14) in the LC group, significantly lower than the overall OC group rate of 5.8% (n = 1,565; p = 0.03).
Long-Term Survival
Median survival was 6.6 years in the LC group (95% CI 5.2, xxx.) and 4.8 years in the overall OC group (95% CI 4.6, 4.9). Two-year, three-year, and 5-year survival rates were better in the LC than the OC group (75.0% versus 68.3%; 67.0% versus 60.2%; and 55.8% versus 48.9%, respectively). The log-rank test comparing long-term survival curves stratified by surgical group (Figure 1 ) was statistically significant (p = 0.002). Demographic, tumor, hospital, and geographic characteristics in the overall cohort were next examined in univariate analysis for significant differences in time to death (Table 3) . Laparoscopic colectomy was associated with improved survival compared with open colectomy (HR 0.79, 95% CI 0.68, 0.92). However, after adjusting for comorbidities, demographic characteristics, and tumor characteristics, LC was no longer associated with improved survival compared with OC. The final multivariate Cox proportional hazards model incorporating interaction terms and time-dependent covariates is shown (Table 4) .
Propensity Score Analysis
A non-parsimonious multivariable logistic propensity model was created incorporating all observed covariates potentially associated with LC that would have been known prior to decision-making regarding surgical approach. Through this model propensity scores reflecting the probability of undergoing LC were generated. LC patients were then matched 1:1 to OC patients on the basis of the propensity score, and the matched cohort was re-analyzed. After PS matching, mean length of stay remained significantly longer with the OC-Matched (OC-M) subset (10 days, SD 8.9) compared with the LC group (p < 0.001). As before, blood pints furnished did not differ after PS matching (LC 0.13, OC-M 0.17). ICU Monitoring remained more common in the OC-M group after PS matching (OC-M, 33.7% versus LC, 25.2%). After PS matching, complication rates were no longer different between the two groups (OC-M, 26.7% versus LC, 21.5%, p = 0.09). Likewise, the rate of postoperative hemorrhage or posthemorrhagic anemia was no longer significantly different between groups (OC-M, 9.0% versus LC, 5.7%). Differences in 30-day mortality disappeared after PS matching (OC-M, 4.3% [n = 18]).
Median survival improved from 4.8 years in the overall OC group to 5.1 years (95% CI 3.9, 6.1) in the OC-M subset. Likewise, 2-year, 3-year, and 5-year survival in the OC-M subset were also improved compared to the overall OC group (2-year survival, 71.2% versus 68.3%; 3-year survival, 63.4% versus 60.2%; 5-year survival, 50.0% versus 48.9%). Kaplan-Meier survival curves stratifying survival by surgical treatment in the PS matched cohort are shown (Figure 2 ). The log-rank test was not statistically significant (p = 0.095). 
Discussion
This project identified factors associated with laparoscopic colectomy in an older population and compared short-term and long-term outcomes. The rate of LC in the overall cohort was low at 1.5%, potentially due to the perceived morbidity of performing LC in elderly patients. Population-based studies using the National Cancer Data Base and the Nationwide Inpatient Sample over a similar time period found LC rates of 4.6% and 3.3%, respectively [20, 29] . However, these studies included patients aged < 65, and the Nationwide Inpatient Sample study relied on a cancer diagnosis code for the hospitalization rather than cancer registry data.
Notably, in the current study, LC cases were more likely to occur at hospitals with NCI cancer center designation or in individuals residing in areas with higher education levels or larger populations (Table 2 ). These factors probably reflect tertiary care practice patterns. Consistent with RCT results [2, 5] , LC was associated with shorter hospitalizations. Relatively high ICU monitoring rates were seen in the two treatment groups, with higher rates in the OC and OC-M groups (31.5% and 33.7%, respectively) than LC (25.2%). Direct comparison with RCTs is not possible due to lack of corresponding RCT data. Nonetheless, these results are intriguing given the older population in this study. Although a laparoscopic approach theoretically may be associated with a higher risk of cardiopulmonary complications (and hence more intensive monitoring) due adverse effects of pneumoperitoneum on the cardiovascular system, our analysis does not support such a hypothesis.
Complication rates were relatively low except for bleeding, ileus, and gastrointestinal complications. In particular, the postoperative infection rate was 0.2% in the OC group, with no cases in the LC group. The wound infection rate in RCTs has ranged between 3%-12% [2, 30] . 
Postoperative infection was likely undercoded in this study, and discharged patients that were readmitted with infection were not captured. Although several RCTs have demonstrated decreased blood transfusion requirements with LC [2, 6, 30] , in the current study, transfusion requirements did not differ by surgical group. 30-day mortality rates (ranging from 3.3% in the LC group to 5.8% in the overall OC group) in our study were similar to the rate of 5.6% previously reported in an analysis by Rabeneck et al. of Veterans Affairs patients aged ≥ 65 years undergoing colon cancer resection [31] .
The 5-year survival rates in our study ranged between a low of 48.9% for the overall OC group to 55.8% for the LC group. These rates are much lower than the 5-year overall survival rates of 74.6%-76.4% reported from the COST study, a randomized controlled trial comparing laparoscopically assisted colectomy to open colectomy [7] . The median age of patients in the COST study was younger than that in the current study [5] . The lower 5-year survival in the current study probably reflects increased mortality and comorbidities in this older population and the fact that this series was not a selected group of patients for a randomized controlled trial. Consistent with our results, the Rabeneck study reported a 5-year overall survival rate of 46.6% in patients aged ≥ 65 years versus 57.6% in patients aged < 65 years following resection for colon cancer [31] .
Long-term survival appeared more favorable in the LC group than the overall OC group on Kaplan-Meier analysis (Figure 2 ). These results were likely partially attributable to confounding by stage and nodal status, both of which favored the LC group. An adjusted survival analysis using Cox proportional hazards models in the overall cohort revealed no survival difference. Similarly, in the PS matched cohort, long-term survival did not differ by surgical approach. Our findings are therefore consistent with most previous RCTs. In contrast, a prior population-based study found higher 5-year survival rates with laparoscopic-assisted colectomy (64.1%) compared to open colectomy (58.5%) [29] . However, those results were not adjusted for comorbidities which may preferentially affect older individuals. Our results suggest that a laparoscopic approach does not seem to impact long-term survival compared with an open approach in older patients. Our study had several strengths that should be noted. Its focus on older individuals is particularly relevant due to the aging population and the predominance of colorectal cancer in this age range. This study analyzed factors associated with the use of laparoscopic colectomy for colon cancer in older individuals; previous studies of laparoscopic colectomy in older individuals have often been limited to single centers. The SEER-Medicare dataset provided information on individuals from a variety [32] . Second, the unvalidated blood pints furnished variable may be undercoded and might not correlate with ICD-9-CM blood transfusion procedure codes [33] . We also used procedure codes to measure ICU monitoring but these codes have not been well validated. Third, use of the combination of ICD-9-CM procedure codes for colectomy and laparoscopy on the same date to indicate laparoscopic colectomy has not been validated, although similar approaches have been utilized in other studies [20] [21] [22] [23] [24] . Fourth, except for incorporation of hospital characteristics, this analysis did not account for clustering of LC cases in a subset of hospitals.
Conclusions
In this analysis of older individuals with colon cancer, laparoscopic colectomy was associated with factors that probably correlate with tertiary care practice patterns. Laparoscopic colectomy was associated with shorter hospitalizations and less ICU monitoring. Although 5-year survival was lower than that reported in RCTs, laparoscopic colectomy was not associated with worse survival compared with open colectomy. Laparoscopic colectomy appears to be a reasonable option in older patients with colon cancer which reduces hospital stay and intensive care use. 
